A retrospective analysis was made of the reproducibility of a treadmill exercise tolerance test performed on patients with angina pectoris to an end point of moderately severe (3+) angina. One hundred and forty tests (70 pairs) in 63 patients were found to meet criteria for inclusion in the study. In 30 patients a comparison of the first test the patient had ever had with a subsequent test revealed a significantly poorer performance on the first test; mean differences + one standard error of the mean between the first test and the subsequent tests were 0.90 + 0.20 min of walking from the start of the test to the onset of angina, 2.3 + 0.33 total min of walking, and 5.8 + 0.86 "exercise units" attained at the end point of "3+" angina. In 40 patients a comparison of two tests, neither of which was the patients' first test, revealed no significant differences in performance; mean differences between the two tests were 0.20 + 0.23 min of walking at the onset of angina, 0.11 + 0.07 min of walking and 0.18 + 0.15 exercise units attained at the end point of "3+" angina. There were no significant differences in maximum heart rates attained between any of the tests.
SUMMARY
A retrospective analysis was made of the reproducibility of a treadmill exercise tolerance test performed on patients with angina pectoris to an end point of moderately severe (3+) angina. One hundred and forty tests (70 pairs) in 63 patients were found to meet criteria for inclusion in the study. In 30 patients a comparison of the first test the patient had ever had with a subsequent test revealed a significantly poorer performance on the first test; mean differences + one standard error of the mean between the first test and the subsequent tests were 0.90 + 0.20 min of walking from the start of the test to the onset of angina, 2.3 + 0.33 total min of walking, and 5.8 + 0.86 "exercise units" attained at the end point of "3+" angina. In 40 patients a comparison of two tests, neither of which was the patients' first test, revealed no significant differences in performance; mean differences between the two tests were 0.20 + 0.23 min of walking at the onset of angina, 0.11 + 0.07 min of walking and 0.18 + 0.15 exercise units attained at the end point of "3+" angina. There were no significant differences in maximum heart rates attained between any of the tests.
In using treadmill testing to quantitate exercise capacity in angina pectoris, the first test is likely to yield a poorer performance than subsequent ones. Tests subsequent to the first are highly reproducible when a specifically defined symptomatic Tx and between TA and TB, but were excluded because they failed to meet the criteria for inclusion.
The tests are summarized in terms of minutes of walking rounded off to the nearest half minute, exercise units attained, heart rate at the time of stopping, minutes of walking to the onset of angina, and heart rate at the onset of angina. (See tables 1 and 2 .) The number of minutes of walking is the number of minutes the patient had walked when the 3+ angina end point was reached. The number of exercise units attained is the sum of the products of the speed of walking in MPH and the number of minutes walked at each speed.'3 The exercise unit system of evaluation takes into account the higher work loads performed per unit of time as the speed of walking is increased. Onset heart rate is determined from an ECG recorded during the last six seconds of the minute of onset of angina and maximum heart rate is taken from the last six seconds of the test. The onset time is the time in minutes when the patient first reported a sensation of angina.
The per cent difference is the difference between the two paired-tests for a parameter divided by the value of that parameter for the first test, multiplied by 100. Levels of significance were calculated using Student's t-test for paired data.
Results
The results for Group I are summarized in table 1. A significant improvement in performance was found between the first test and the subsequent one in terms of total minutes of exercise, exercise units performed, and time to onset of angina (P < 0.005). A significant difference was also found for onset heart rate (P . 0.025). There were no significant differences in maximum heart rate. In a small subset of 9 subjects it was possible to compare T1 with T2 and T3 in which T2 was the second and T3 was the third acceptable test performed by the subjects. In this subset the P value for T1-T2 was < 0.005 indicating a significant difference in performance, while for T2-T3 it was < 0.50 indicating no significant difference.
The results for Group II are summarized in table 2. There were no significant differences in total minutes of walking, exercise units performed, maximum heart rate, onset of angina time or onset heart rate. Thus in paired tests subsequent to the The We have chosen to evaluate the reproducibility of our test by the absolute number of minutes walked, or by the number of "exercise units" exercise tolerance is low and walking is done for only a few minutes. Figure 4 illustrates this point by plotting the percent deviation of our duplicate tests in Group II against the total minutes of walking on the first of the paired tests. The 20 pairs of tests in which the performances were identical are aligned along the zero line indicating no variation. Where there were variations, the highest percentages were found when the walking times were of short duration. Thus a one minute difference in walking time constituted a 20% variation when the base performance was five minutes, but a 6.7% variation when the base performance was 15 minutes.
We believe that the high degree of reproducibility of our test is accounted for by the use of a carefully considered symptomatic end point which we arrived at after several other approaches proved unsatisfactory. When our data were analyzed for reproducibility based on the endpoint of onset of anginal distress, large variations were found as shown in figure 3 . Heart rates at the onset of angina showed marked variations. We therefore rejected onset of symptoms as the end point of our test. Our arrival at the end point of 3+ intensity of distress was reached through an appreciation of strong arguments by Bruce 
